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OPERATIONAL AMPLIFIER 

RACKCxROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to an operational amplifier, and more 

particularly to an operational amplifier that is composed of MOS transistors 
and capable of obtaining a relatively large output current with a low voltage. 

2. Description of the Related Art 

Fig, 2 is a structviral diagram showing an example of a conventional 
10 operational ampUfier. 

The oper.ational amphfier is composed of a differential input section 
10 that amphfies a differential voltage between two input signals inputted to 
an inverse input terminal 1 and to an uninverse input terminal 2, an 
amplifying section 20Z that amplifies an output signal from the differential 
15 input section 10, an output section 30Z that outputs a signal amplified by the 
amplifying section 20Z to an output terminal 3 with a low output impedance, 
and a bias generating section 40 that generates a bias voltage necessary for the 
respective sections. 

The differential input section 10 includes a p-channel MOS 
20 transistor 11; and a source thereof is connected to a supply voltage VDD. A 
bias voltage VBl is applied to a gate of the p-channel MOS transistor 11 from 
the bias generating section 40. A drain of the p-channel MOS transistor 11 is 
connected with sources of p-channel MOS transistors 12 and 13, respectively, 
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and gates of those p-channel MOS transistors 12 and 13 are connected to the 
25 inverse input terminal 1 and the uninverse input terminal 2, respectively. 
This drain of the p-channel MOS transistor 12 is connected to a drain and a 
gate of an n-channel MOS transistor 14 as well as a gate of an n-channel MOS 
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transistor 15, respectively. Sources of the n-channel MOS transistors 14 and 
15 are grounded to a ground voltage GND. Drains of the p-channel MOS 
transistor 13 and the n-channel MOS transistor 15 are connected to a node Nl, 
respectively, and a signal VI is outputted to the node Nl from the differential 
5 input section 10. 

The amplifying section 20Z includes a p-channel MOS transistor 26, 
and the supply voltage VDD is applied to a source of the p-channel MOS 
transistor 26. The bias voltage VBl is applied to a gate of the p-channel MOS 
transistor 26 from the bias generating section 40. A drain of the p-channel 
10 MOS transistor 26 is connected to a node N2 which is connected with sources of 
an n-channel MOS transistor 27 and a p-channel MOS transistor 28, 
respectively. Bias voltages VB2 and VB3 are applied to gates of the n-channel 
MOS transistor 27 and the p-channel MOS transistor 28 from the bias 
generating section 40, respectively. Drains of the n-channel MOS transistor 
15 27 and the p-channel MOS transistor 28 are connected to the node N3, 
respectively, and the node N3 is connected with a drain of an n-channel MOS 
transistor 29. A gate of the n-channel MOS transistor 29 is connected to the 
node Nl, and a source of the n-channel MOS transistor 29 is grounded to the 
ground voltage GND. 

20 The output section 30Z is composed of a p-channel MOS transistor 

38 and an n-channel MOS transistor 39, and a so\irce, a gate and a drain of the 
p-channel MOS transistor 38 are connected to the supply voltage VDD, the 
node N2 and the output terminal 3, respectively. A drain, a gate and a source 
of the n-channel MOS transistor 39 are connected to the output terminal 3, the 

25 node N3 and the ground voltage GND, respectively. 

In the operational amplifier thus structured, the differential voltage 
between an input signal VII supplied to the inverse input terminal 1 and an 
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input signal VI2 supplied to the uninverse input terminal 2 is amplified by the 
differential input section 10 and then outputted to the node Nl as the signal 
VI. The signal VI is amplified by the amplifying section 20Z and then 
supplied to the gate of the n-channel MOS transistor 39 in the output section 
5 30Z from the node N3. Also, a signal that permits a given output cxirrent to 
flow in the output section 30Z is suppUed to the gate of the PMOS 38 in the 
output section 30Z. 

With the above structure, the differential voltage between the input 
signals VII and VI2 is amplified and an output voltage VO is outputted from 
10 the output terminal 3. 

However, the conventional operational amplifier thus structured by 
the MOS transistors suffers from problems stated below. 

Fig. 3 is a graph showing an example of the characteristic of the 
MOS transistor. 

15 In Fig. 3, assuming that the supply voltage VDD is 2 V, a relation of 

a voltage Vgs between the gate and the source of the n-channel MOS transistor 
39. in the output section 30Z and a drain current Id thereof is represented with 
the gate width W of the MOS transistor as a parameter. In this example, the 
gate length L is set to 1 |im. 
20 As shown in Fig. 3, if the voltage Vgs between the gate and the 

source of the n-channel MOS transistor 39 is held constant, it is necessary to 
widen the gate width W in order to obtain a large drain current Id. Also, it is 
apparent from the graph that the larger the voltage Vgs between the gate and 
the source is, the narrower the gate width W necessary for obtaining a given 
25 drain current Id isd. 

In order that the operational amplifier structured as shown in Fig. 2 
is operated with a low supply voltage VDD such as 3 V to obtain a large output 



current such as 200 mA, each of the gate widths W of the p -channel MOS 
transistor 38 and the n-channel MOS transistor 39 in the output section 30Z is 
required to be set to about 3 mm. For that reason, the size of the MOS 
transistors 38 and 39 in the output section 30Z becomes extremely large, 
5 resulting in such a problem that a pattern area serving as the integrated 
circuit increases. 

.qTTMMARY OF THE TNVF.NTTON 
The present invention has been made to solve the problem inherent 
10 in the conventional operational amphfier, and therefore an object of the 
present invention is to provide an operational amphfier which is capable of 
obtaining a large output current with a relatively small pattern area even if 
the supply voltage VDD is low. 

In order to achieve the above object, according to the present 
15 invention, there is provided an operational amplifier comprising: a differential 
input section for generating a first signal corresponding to a differential 
voltage between two input signals; an amplifying section for amplifying the 
first signal in voltage to generate second and third complementary signals; a 
first MOS transistor connected between a first supply voltage and an output 
20 node, a conduction state of the first MOS transistor being controlled in 
accordance with the second signal;, a second MOS transistor connected between 
a second supply voltage and the output node, a conduction state of the second 
MOS transistor being controlled in accordance with the third signal; and a 
step -up section for stepping up the first and second supply voltages to generate 
25 a step-up voltage higher than the first and second supply voltages; wherein the 
amplifying section is driven by the step -up voltage so that an absolute value of 
the maximum level of the second or third signal becomes larger than the 
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absolute value of the first or second supply voltage. 

According to the present invention, the operational amplifier thus 
structured operates as follows: 

In the step-up section, a step-up voltage higher than the first and 
5 second supply voltage is generated and applied to the amplifying section. In 
the ampUfying section driven by the step-up voltage, the first signal supplied 
firom the differential input section is amplified in voltage to generate the 
second and third complementary signals such that the absolute values of the 
maximvun levels of thoSe second and third complementary signals become 
10 larger than the absolute value of the first or second supply voltage. The 
second signal is supplied to the first MOS transistor so as to control the 
conduction state of the first MOS transistor. On the other hand, the third 
signal is supphed to the second MOS transistor so as to control the conduction 
state of the second MOS transistor. Then, the output current corresponding 
15 to the differential voltage between two input signals is outputted fi:om the 
output node. 



TtT?TTCF DKSCRTPTION OF THE DRAWINGS 
These and other objects, features and advantages of this invention 
20 will become more fully apparent from the following detailed description when 
taken in conjunction with the accompanying drawings in which: 

Fig. 1 is a structural diagram showing an operational amplifier in 
accordance with a first embodiment of the present invention; 

Fig. 2 is a structural diagram showing an example of a conventional 

25 operational amplifier; 

Fig. 3 is a graph showing an example of the characteristic of a MOS 

transistor; 
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Fig. 4 is a circuit diagram showing an example of a step-up section 
shown in Fig. 1; 

Fig. 5 is a graph showing the operation waveform of the operational 

amplifier shown in Fig. 1; 
5 Fig. 6 is a structural diagram showing an operational amplifier in 

accordance with a second embodiment of the present invention; 

Fig. 7 is a graph showing the operation waveform of the operational 

amplifier shown in Fig. 6; 

Fig. 8 is a structural diagram showing an operational amplifier in 
10 accordance with a third embodiment of the present invention; and 

Fig. 9 is a structural diagram showing an operational amplifier in 
accordance with a fourth embodiment of the present invention. 

nF.TATT.RD DFi<=^nRTPTTON OF THE PREFFRRED EMBOD IMIKNTS 
15 Now, a description will be ' given in more detail of preferred 

embodiments of the present invention with reference to the accompanying 
drawings. 

(First Embodiment) 

Fig. 1 is a structural diagram showing an operational amplifier in 
. 20 accordance with a first embodiment of the present invention. 

The operational amplifier is made up of a difi'erential input section 
10 that amphfies a differential voltage between two input signals inputted to 
an inverse input terminal 1 and to an uninverse input terminal 2, an 
amplifying section 20 that amphfies an output signal from the differential 
25 input section 10, an output section 30 that outputs a signal amplified by the 
amplifying section 20 to an output terminal 3 with a low output impedance, a 
bias generating section 40 that generates a bias voltage necessary for the 
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respective sections, and a step-up section 50 that steps up a supply voltage 
VDD to generate a step-up voltage VCP two to four times as large as the supply 
voltage VDD. 

The differential input section 10 includes a p-channel MOS 
5 transistor 11, and a source thereof is connected to a supply voltage VDD. A 
bias voltage VBI is applied to a gate of the p-channel MOS transistor 11 from 
the bias generating section 40. A drain of the p-channel MOS transistor 11 is 
connected with sources of p-channel MOS transistors 12 and 13, respectively, 
and gates of those p-channel MOS transistors 12 and 13 are connected to the 
10 inverse input terminal 1 and the uninverse input terminal 2, respectively. 
The drain of the p-channel MOS transistor 12 is connected to a drain and a 
gate of an n-channel MOS transistor 14 as well as a gate of an n-channel MOS 
transistor 15, respectively. Sources of the n-channel MOS transistors 14 and 
15 are grounded to a ground voltage GND. Drains of the p-channel MOS 
15 transistor 13 and the n-channel MOS transistor 15 are connected to a node Nl, 
respectively, and a signal VI is outputted to the node Nl from the differential 
input section 10. 

The amphfying section 20 includes a p-channel MOS transistor 21 
and an n-channel MOS transistor 22. A step-up voltage VCP is applied to a 

20 source of the p-channel MOS transistor 21 from the step -up section 50, and a 
bias voltage VB2 is applied to a gate of the p-channel MOS transistor 21 from 
the bias generating section 40, respectively. A drain of the p-channel MOS 
transistor 21 is connected to a node N2 which is connected with a drain of the 
n-channel MOS transistor 22. A source of the n-channel MOS transistor 22 is 

25 grounded to the ground voltage GND, and a gate of the n-channel MOS 
transistor 22 is supplied with the signal VI of the differential input section 10. 

The output section 30. includes n-channel MOS transistors 31 and 32. 

7 



I 

) 



A soxirce of the n-channel MOS transistor 31 is grounded to the supply voltage 
VDD, a gate of the n-channel MOS transistor 31 is connected to the node N2, 
and a drain of the n-channel MOS transistor 31 is connected to the output 
terminal 3, respectively. A drain of the n-channel MOS transistor 32 is 
5 connected to the output terminal 3. a gate of the n-channel MOS transistor 32 
is connected to the node Nl, and a source of the n-channel MOS transistor 32 is 
grounded to the ground voltage GND, respectively. 

Fig. 4 is a circuit diagram showing an example of the step -up section 

50 shown in Fig. 1. 

IQ The step-up section 50 includes a plurality of n-channel MOS 

transistors 51a. 51b, .... 51e connected in series to each other in a diode 
connection manner. A source of the foremost n-channel MOS transistor 51a is 
connected to the supply voltage VDD, and a drain of the final n-channel MOS 
transistor 51e is connected to a node N5, respectively. A node of the n- 
15 channel MOS transistors 51a and 51b and a node of the n-channel MOS 
transistors 51c and 51d are supplied with a clock signal CLKl through 
capacitors 52a and 52c. respectively. Also, a node of the n-channel MOS 
transistors 51b and 51c and a node of the n-channel MOS transistors 51d and 
51e are supplied with a clock signal CLK2 through capacitors 52b and 52d, 
20 respectively. The clock signals CLKl and CLK2 are, for example, signals 
which are 20 MHz in frequency and different from each other in phase by 180°. 
Between the node N5 and the ground voltage GND, a plurality of n-channel 
MOS transistors 53a, 53b, 53g are connected in series to each other in a 
diode connection manner and a capacitor 54 is also connected thereto. 
25 When the clock signals CLKl and CLK2 are suppUed to the step-up 

section 50 thus structured, a d.c. voltage several times as large as the supply 
voltage VDD is generated by a voltage doubler rectifier circuit made up of the 

8 



n-channel MOS transistors 51a to 51e with diode connection and the capacitors 
52a to 52d, and then stored in the capacitor 54 connected to the node N5. On 
the other hand, the n-channel MOS transistors 53a to 53g with diode 
connection are so- adapted as to clamp a voltage at the node N5 to a given 
5 voltage whereby a given step-up voltage VCP is outputted from the node N5. 

Since a current necessary for the ampUfying section 20 is extremely 
small, the gate widths W of the . n-channel MOS transistors 51a to 51e are each 
set to about 10 ^m, and the gate lengths thereof are each set to about 1 ^m. 
The gate widths W of the n-channel MOS transistors 53a to 53g are each set to 
10 about 50 ^im, and the gate lengths thereof are each set to about 1 urn. The 
capacitances of the capacitors 52a to 52d are each set to about 0.2 pF. 

Fig. 5 is a graph showing the operation waveform of the operational 

amplifier shown in Fig. 1. 

Hereinafter, the operation of the operational amplifier shown in Fig. • 
15 1 will be described with reference to Fig. 5. 

Input signals VII and VI2 having voltages centering at 1/2 of the 
supply voltage VDD are inputted to the inverse input terminal 1 and the 
uninverse input terminal 2 of the operational amplifier, respectively. A load 
is connected between the output terminal 3 and the supply voltage VDD/2. 
20 An input differential voltage Vin (=VI1 - VI2) between the input 

signals VII and VI2 is amplified by the differential input section 10, which 
outputs the signal VI to the node Nl. 

As seen in a term Tl in Fig. 5, when the input differential voltage 
Vin is positive, the signal VI becomes equal to or smaller than the supply 
25 voltage VDD/2, as a result of which the on-resistance of the n-channel MOS 
transistor 22 in the amplifying section 20 and of the n-channel MOS transistor 
32 in the output section 30 is increased. With an increase in the on-resistance 
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of the n-channel MOS transistor 22. the voltage of the signal V2 outputted to 
the node N2 through the p-channel MOS transistor 21 is raised. Since the 
signal V2 is suppUed to the gate of the n-channel MOS transistor 31 in the 
output section 30, the on-resistance of the n-channel MOS transistor 31 is 
reduced, and the output voltage VO from the output terminal 3 rises in 
response to the input differential voltage Vin. 

Since the supply voltage VCP twice the supply voltage VDD or more 
is supplied to the source of. the p-channel MOS transistor 21. the signal V2 
rises to the supply voltage VDD or higher with a rise of the input differential 
voltage Vin. For that reason, the voltage Vgs between the gate and the source 
of the n-channel MOS transistor 31 is increased, thereby allowing a larger 
drain current to flow through the n-channel MOS transistor in accordance with 
the characteristic shown in Fig. 3. The drain current that flows in the n- 
channel MOS transistor 31 is suppUed to a load through the output terminal 3. 
15 On the other hand, since the signal VI is equal to or larger than the 

supply voltage VDD/2 when the input differential voltage Vin is negative as 
seen in a term T2 in Fig. 5. the on-resistance of the n-channel MOS transistor 
22 in the amplifying section 20 and of the n-channel MOS transistor 32 in the 
output section 30 is decreased- With a decrease in the on-resistance of the n- 
20 channel MOS transistor 22, the voltage of the signal V2 outputted to the node 
N2 through the p-channel MOS transistor 21 drops. The signal V2 is supplied 
to the gate , of the n-channel MOS transistor 31 in the output section 30, 
increasing the on-resistance of the n-channel MOS transistor 31, and reducing 
the output voltage VO from the output terminal 3 to the supply voltage VDD/2 
25 or less in accordance with the input differential voltage Vin. As a result, a 
current flows into the n-channel MOS transistor 32 from the load side. 

As described above, the operational amplifier according to the first 
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embodiment includes the step-up section 50 that steps up the supply voltage 
VDD and structures the amplifying section 20 so as to raise the gate voltage of 
the n-channel MOS transistor 31 up to the step-up voltage VCP, With this 
structure, a large output current can be obtained even with the n-channel MOS 
5 transistor 31 narrow in the gate width W, 

Now, the gate width W in the pattern of the above operational 
amplifier will be compared with that of the operational amplifier shown in Fig. 
2. 

In the operational amplifier shown in Fig. 2, in order to obtain the 
10 output current of 200 mA, it is necessary to set each gate width W of the p- 
channel MOS transistor 38 and the n-channel MOS transistor 39 to about 3 
mm. Therefore, the widths W of the output section 30Z are 6 mm in total- 
On the other hand, in the operational amplifier shown in Fig. 1, each 
gate width W of the n-channel MOS transistors 31 and 32 in the output section 
15 30 for obtaining the same output current is about 1 mm, as is apparent from 
Fig. 3. Although the step -up section 50 is added into the operational amplifier 
shown in Fig. 1, as described above, the capacitance of the step-up section 50 is 
so small that the gate widths W thereof are about 1 mm in total. Accordingly, 
the gate widths W of the MOS transistors in the output sections 30 and the 
20 step-up section 50 in the operational amplifier are 3 mm in total. 

As a result, the operational . amplifier according to the first 
embodiment of the present invention has such an advantage that a larger 
output cvirrent can be obtained with a relatively small pattern area even if the 
supply voltage VDD is low. 
25 (Second Embodiment) 

Fig. 6 is a structural diagram showing an operational amplifier in 
accordance with a second embodiment of the present invention, in which the 
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same components as those in Fig. 1 are designated by identical reference 
symbols. 

In the operational amphfier shown in Fig. 6, a shift section 60 for 
shifting up the input signals VII and VI2 by a given voltage is disposed at a 
5 pre-stage of the differential input section 10. 

The shift section 60 includes a series circuit consisting of a p-channel 
MOS transistor 61 and h-channel MOS transistors 62, 63 which shift up the 
input signal VII, m which a source of the p-channel MOS transistor 61 is 
connected to the step-up voltage VCP, and a source of the n-channel MOS 
10 transistor 63 is grounded to the ground voltage GND. A bias voltage VB is 
appUed to a gate of the p-channel MOS 61, and a gate of the n-channel MOS 
transistor 63 is connected to the inverse input terminal 1. A gate of the n- 
channel MOS transistor 62 is connected to drains of the p-channel MOS 
transistor 61 and the n-channel MOS transistor 62 and also connected to the 
1 5 gate of the p-channel MOS transistor 12 in the differential input section 10. 

The shift section 60 includes another series circuit consisting of a p- 
channel MOS transistor 64 and n-channel MOS transistors 65, 66 which, 
similar to the series circuit for shifting up the signal VII, shift up the input 
signal VI2. A source of the p-channel MOS transistor 64 is connected to the 
20 step-up voltage VCP, and a source of the n-channel MOS transistor 66 is 
grounded to the ground voltage GND. The bias voltage VB is appUed to a gate 
of the p-channel MOS 64, and a gate of the n-channel MOS transistor 66 is 
connected to the uninverse input terminal 2. A gate of the n-channel MOS 
transistor 65 is connected to drains of the p-channel MOS transistor 64 and the 
25 n-channel MOS transistor 65 and also connected to the gate of the p-channel 
MOS transistor 13 in the differential input section 10. 

The source of the p-channel MOS transistor 11 in the differential 
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input section 10 is connected to the step-up voltage VCP instead of the supply 
voltage VDD. Other structures are identical with those in Fig. 1. 

Fig. 7 is a graph showing the operation waveform of the operational 
amplifier shown in Fig. 6. 
5 Hereinafter, the operation of the operational amplifier shown in Fig, 

6 will be described with reference to Fig. 7. 

Input signals VII and VI2 having voltages centering at 1/2 of the 
supply voltage VDD are inputted to the inverse input terminal 1 and the 
uninverse input terminal 2 of the operational amplifier, respectively. A load 
10 is connected between the output terminal 3 and the supply voltage VDD/2. 

After both of the input signals VII and VI2 are shifted up by a given 
voltage in the shift section 60, they are supplied to and ampHfied by the 
differential input section 10. Since the step-up voltage VCP is applied to the 
diflferential input section 10 as a power supply, a level of the signal VI at the 
15 node Nl becomes a voltage relatively shifted up. 

As seen in term Tl in Fig. 7, when the input differential voltage Vin 
is positive, the signal VI is equal to or smaller than the supply voltage VDD/2, 
as a result of which the on-resistance of the n-channel MOS transistor 22 in 
the amplifying section 20 and the n-channel MOS transistor 32 in the output 
20 section 30 is increased. With an increase in the on-resistance of the n-channel 
MOS transistor 22, the voltage of the signal V2 outputted to the node N2 
through the p-channel MOS transistor 21 is raised. The signal V2 is supplied 
to the gate of the n-channel MOS transistor 31 in the output section 30, 
reducing the on-resistance of the n-channel MOS transistor 31, and increasing 
25 the output voltage VO from the output terminal 3 rises in response to the input 
differential voltage Vin. 

Since the supply voltage VCP twice the supply voltage VDD or larger 
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is supplied to the soiirce of the p-channel MOS transistor 21, the signal V2 
rises to the supply voltage VDD or higher with a rise of the input differential 
voltage Vin. For that reason, the voltage Vgs between the gate and the source 
of the n-channel MOS transistor 31 is increased, thereby allowing a larger 
5 current to flow through the n-channel MOS transistor 31 in accordance with 
the characteristic shown in Fig. 3. The current that flows in the n-channel 
MOS transistor 31 is supplied to a load through the output terminal 3. 

On the other hand, since the signal VI is the supply voltage VDD/2 
when the input differential voltage Vin is negative as seen in a term T2 in Fig. 
10 5, the on-resistance of the n-channel MOS transistor 22 in the amplifying 
section 20 and the n-channel MOS transistor 32 in the output section 30 
decrease. With a decrease in the on-resistance of the n-channel MOS 
transistor 22, the voltage of the signal V2 outputted to the node N2 through 
the p-channel MOS transistor 21 drops. The signal V2 is supplied to the gate 
15 of the n-channel MOS transistor 31 in the output section 30, increasing the 
on-resistance of the n-channel MOS transistor 31, and reducing the output 
voltage VO from the output terminal 3 to the supply voltage VDD/2 or less in 
response to the input differential voltage Vin. The current thus flows into the 
n-channel MOS transistor 32 from the load side through the output terminal 3. 
20 In this situation, since the signal VI at the node Nl is shifted up, the voltage 
Vgs between the gate and source of the n-channel MOS transistor 32 is 
increased with the result that a larger drain current is allowed to flow the n- 
channel MOS transistor 32 in accordance with the characteristic shown in Fig. 
3. 

25 As described above, the operational amplifier according to the second 

embodiment includes the step-up section 50 that steps up the supply voltage 
VDD and structures the shift section 60, the differential input section 10 and 
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the amplifying section 20 so as to raise the gate voltages of the n-channel MOS 
transistors 31 and 32 in the output section 30 up to the step-up voltage VCP. 
With this structure, the present invention provides an advantage in th-at a 
large output current can be obtained even with the n-channel MOS transistors 
5 31 and 32 that are narrow in the gate width W. 
(Third Embodiment) 

Fig. 8 is a structural diagram showing an operational amplifier in 
accordance with a third embodiment of the present invention, in which the 
same components as those in Fig. 2 are designated by identical reference 
10 symbols. 

The operational amplifier shown in Fig. 8 includes a differential 
amplifying section 70 different in structure from the differential input section 
10 shown in Fig. 2 instead of the differential input section 10. The differential 
input section 70 includes an n-channel MOS transistor 71 a source of which is 
15 grounded to the ground voltage GND and a bias voltage VBl is applied to a 
gate of the n-channel MOS transistor 71. A drain of the n-channel MOS 
transistor 71 is connected with sources of n-channel MOS transistors 72a and 
72b, and gates of those n-channel MOS transistors 72a and 72b are connected 
to the inverse input terminal 1 and the uninverse input terminal 2, 
20 respectively. Drains of the n-channel MOS transistors 72a and 72b are 
connected to the step-up voltage VCP through p-channel MOS transistors 73a 
and 73b. respectively. Those p-channel MOS transistors 73a and 73b are 
connected with p-channel MOS transistors 74a and 74b which constitute a 
current mirror circuit, respectively. 
25 A drain of the p-channel MOS transistor 74b is connected to the node 

Nl that is connected with a gate of ^n n-channel MOS transistor 75. A source 
of the n-channel MOS transistor 75 is connected to the step-up voltage VCP, 
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and a drain of the n-channel MOS transistor 75 is connected to a gate of a p- 
channel MOS transistor 76 and also grounded to the ground voltage GND 
through an n-channel MOS transistor 77. A source of the p-channel MOS 
transistor 76 is connected to a drain of the p-channel MOS transistor 74a, and 
a drain of the p-channel MOS transistor 76 is connected to a drain and a gate 
of an n-channel MOS transistor 78 as well as a gate of an n-channel MOS 
transistor 79. A source of the n-channel MOS transistor 78 is grounded to the 
ground voltage GND. Also, a drain of the n-channel MOS transistor 79 is 
connected to the node Nl. and a source of the n-channel MOS transistor 79 is 
grounded to the ground voltage GND. Other structures are identical with 
those in Fig. 2. 

The operation of the operational amplifier is basically identical with 
that of the operation amplifier in Fig. 6. 

In the operational amphfier shown in Fig. 8, currents flowing the n- 
15 channel MOS transistors 72a and 72b in the differential input section 70 to 
which the input signals VII and VI2 are supplied are retui-ned by the current 
mirror circuits of the p-channel MOS transistors 73a, 74a and of the p-channel 
MOS transistors 73b, 74b, respectively. With this structure, the drain 
voltages of the n-channel MOS transistors 72a and 72b becomes equal to each 
20 other. In addition, the current mirror circuits are biased by the n-channel 
MOS transistor 75 and the p-channel MOS transistor 76 so that the drain 
voltages of the p-channel MOS transistors 74a and 74b become equal to each 
other. 

The signal VI from the drain of the p-channel MOS transistor 74b, 
25 that is, the node Nl is supplied to the ampUfying section 20 and the output 
section 30. The operation of the .amplifying section 20 and the output section 
30 is identical with the operation in the operational amplifier shown in Fig. 6. 



16 



As described above, the operational amplifier according to the third 
embodiment is so structured as to make the drain voltages of the n-channel 
MOS transistors 72a and 72b in the differential amphfying section 70 equal to 
each other, and hence there is an advantage in that the offset voltage becomes 
small to reduce an error. In addition, since the currents flowing in the n- 
channel MOS transistors 72a and 72b are returned by the current mirror 
circuits of the p-channel MOS transistors 73a. 74a and of the p-channel MOS 
transistors 73b, 74b, respectively, a range in which the signal VI of the node 
Nl fluctuates can be enlarged within the hmit of from the ground voltage GND 
to the step-up voltage VCP. This structure provides an advantage in that a 
larger output current can be obtained even with the n-channel MOS 
transistors 31 and 32 narrow in the gate width W. 
(Fourth Embodiment) 

Fig. 9 is a structural diagram showing an operational amplifier in 
accordance with a fourth embodiment of the present invention, in which the 
same components as those in Fig. 8 are designated by identical reference 
symbols. 

'the operational amplifier shown in Fig. 9 includes a differential 
input section 80 different in structure from the differential input section 70 
shown in Fig. 8 instead of the differential input section 70. The differential 
amphfying section 80 includes a p-channel MOS transistor 81. A source of the 
p-channel MOS transistor 81 is grounded to the step-up voltage VCP and a 
bias voltage VBl is apphed to a gate of the p-channel MOS transistor 81. A 
drain of the p-charmel MOS transistor 81 is connected with sources of p- 
5 channel MOS transistors 82a and 82b, and gates of those p-channel MOS 
transistors 82a and 82b are connected to the inverse input terminal 1 and the 
uninverse input terminal 2, respectively. Drains of the p-channel MOS 
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transistors 82a and 82b are grounded to the ground voltage GND through n- 
channel MOS transistors 83a and 83b, respectively. Those n-channel MOS 
transistors 83a and 83b are connected with n-channel MOS transistors 84a 
and 84b which constitute a current mirror circuit, respectively. 
5 A drain of the n-channel MOS transistor 84b is connected to the 

node Nl that is connected with a gate of a p-channel MOS transistor 85. A 
source of the p-channel MOS traiisistor 85 is connected to the ground voltage 
GND, and a drain of the p -channel MOS transistor 85 is connected to a gate of 
an n-channel MOS transistor 86 and also connected to the step-up voltage VCP 
10 through a p-channel MOS transistor 87. A source of the n-channel MOS 
transistor 86 is connected to a drain of the n-channel MOS transistor 84a, and 
a drain of the n-channel MOS transistor 86 is connected to a drain and a gate 
of a p-channel MOS transistor 88 as well as a gate of a p-channel MOS 
transistor 89. A source of the p-channel MOS transistor 88 is connected to the 
15 step-up voltage VCP. Also, a drain of the p-channel MOS transistor 89 is 
connected to the node Nl, and a source of the p-channel MOS transistor 89 is 
connected to the step-up voltage VCP. Other structures are identical with 
those in Fig. 8. 

The operation of the operational amplifier is basically identical with 
20 that of the operational amplifier of Fig. 8. 

In the operational ampKfier shown in Fig. 9, currents flowing in the 
p-channel MOS transistors 82a and 82b in the differential input section 80 to 
which the input signals VII and VI2 are supplied are returned by the current 
mirror circuits of the n-channel MOS transistors 83a, 84a and of the n-channel 
25 MOS transistors 83b, 84b, respectively. With this structure, the drain 
voltages of the p-channel MOS transistors 82a and 82b become equal to each 
other. In addition, the current mirror circuits are biased by the p-channel 
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MOS transistor 85 and the n-channel MOS transistor 86 so that the drain 
voltages of the n-channel MOS transistors 84a and 84b become equal to each 
other. 

The signal VI from the drain of n-channel MOS transistor 84b, that 
5 is, the node Nl is supplied to the ampUfying section 20 and the output section 
30. The operation of the amplifying section 20 and the output section 30 is 
identical with the operation in the operational amplifier shown in Fig. 8. 

As described above, the operational amplifier according to the fourth 
embodiment is so structiired as to make the drain voltages of the p-channel 
10 MOS transistors 82a and 82b in the differential amplifying section 80 equal to 
each other, and hence there is an advantage in that the offset voltage becomes 
small to reduce an error. In addition, since the currents flowing in the p- 
channel MOS transistors 82a and 82b are returned by the current mirror 
circuits of the n-channel MOS transistors 83a, 84a and the n-channel MOS 
15 transistors 83b, 84b, respectively, a range in which the signal VI of the node 
Nl fluctuates can be enlarged within the limit of from the ground voltage GND 
to the step -up voltage VCP. This structure provides an advantage in that a 
larger output current can be obtained even with the n-channel MOS 
transistors 31 and 32 narrow in the gate width W. 
20 The present invention is not limited by or to the above-described 

embodiments but may variously be modified. For example, the following 
modified examples (a) to (c) are proposed. 

(a) The above operational anaplifier is of a single power supply 
type in which the operational amplifier is driven by one supply voltage VDD. 
25 However, the present invention may similarly be applied to the two power 
supply type using two supply voltages one of which is positive and the other is 
negative. In this case, the step-up section is required to generate positive and 
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' negative step-up voltages. 

(b) The structure of the step -up section 50 is not limited to the circuit 
structure shown in Fig. 4. Any circuit structure may be adopted as long as it 
allows to step-up the supply voltage VDD to generate the step -up voltage VCP 

5 several times as large as the supply voltage VDD. 

(c) The structures of the differential input section 10, the amplifying 
section 20, etc. are not limited to the one exemplarily shown in the above, but 
various kinds of circuit structures that have conventionally been employed can 
be applied to thereto. 

10 As was described above, according to the present invention, the 

operation amplifier includes the step-up section that steps up the supply 
voltage to generate the step -up voltage, and the amplifying section which is 
driven by the step-up voltage to output the second or the third signal large 
than the supply voltage. Also, the first and second MOS transistors driven hy 
15 the supply voltage are controlled using the second and the third signals, 
respectively. This leads to such an effect that a larger current can be allowed 
to flow without widening the gate width of the MOS transistor even if the 
supply voltage is low. 

The foregoing description of the preferred embodiments of the 
20 invention has been presented for purposes of illustration and description. It 
is not intended to be exhaustive or to Umit the invention to the precise form 
disclosed, and modifications and variations are possible in light of the above 
teachings or may be acquired from practice of the invention. The 
embodiments were chosen and described in order to explain the principles of 
25 the invention and its practical application to enable one skilled in the art to 
utilize the invention in various embodiments and with various modifications as 
are suited to the particular use contemplated. It is intended that the scope of 
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the invention be defined by the claims appended hereto, and their eqmvalents. 



21 



